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A B S T R A C T

It is assumed that Cavalier King Charles spaniels with Chiari-like malformation and syringomyelia
experience central neuropathic pain. An association between spinal cord parenchymal lesions and
specific clinical signs (e.g. spontaneous and evoked scratching, withdrawal, and paroxysmal pain
manifestations with vocalisation) has been suggested. This led to the hypothesis that mechanical sensory
threshold is altered in clinical cases. The aim of this study was to quantify the cervical mechanical sensory
threshold using Semmes-Weinstein monofilaments in nine Cavalier King Charles spaniels with Chiari-
like malformation and assumed syringomyelia-associated central neuropathic pain compared to eight
control dogs. Clinical and neurological examination including magnetic resonance imaging was
undertaken.
Mean mechanical sensory threshold was not significantly different between case and control

dogs (t-test on log10 transformed data; P = 0.25). Substantial variation within and between dogs was
seen, with individual thresholds ranging from 0.04 to 26 g in case dogs and from 0.02 to 10 g in control
dogs. Based on these results, it is unlikely that Cavalier King Charles spaniels with Chiari-like
malformation and syringomyelia have increased mechanical sensation characterised by lower
mechanical sensory threshold when quantified with Semmes-Weinstein monofilaments. Whether
clinical cases experience central neuropathic pain remains unknown. The assessment of sensory
function in dogs with assumed central neuropathic pain should be multimodal and include not only
mechanical but also tactile and thermal threshold quantification. The use of threshold quantification in a
clinical setting is challenging due to an insufficient signal relative to the biological background noise
within and between dogs.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

It is assumed that Cavalier King Charles spaniels (CKCS) with
Chiari-like malformation (CM) and syringomyelia (SM) experience
central neuropathic pain (Rusbridge, 1997; Rusbridge et al., 2007;
Rusbridge and Jeffery, 2008; Plessas et al., 2012; Rutherford et al.,
2012). Affected dogs express various clinical signs including
spontaneous and evoked scratching, reaction to touch on the
head and neck region and, in severe cases, paroxysmal pain
manifestations with vocalisation (Sanchis-Mora et al., 2016; Sparks
et al., 2018). This aberrant behaviour is suggested to result from
sensory threshold alterations, resulting in dysaesthesia and
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allodynia, and it has been argued that there is an association
between the structural lesions of the spinal cord parenchyma and
sensory threshold alterations (Rusbridge et al., 2007; Rusbridge
and Jeffery, 2008; Hatem et al., 2010; Hu et al., 2012; Plessas et al.,
2012; Schmidt et al., 2013).

In humans, SM associated with CM has been described to
cause central neuropathic pain as a consequence of the
somatosensory nervous system lesions and abnormal spinotha-
lamic function (d’Angers and Prosper, 1827; Spiller, 1923; Levy
et al., 1983; Hatem et al., 2010; Jensen and Finnerup, 2014). The
pathophysiological mechanisms underlying neuropathic pain are
associated with spinal and supraspinal nociceptive hyperexcit-
ability and central sensitisation (Latremoliere and Woolf, 2009;
Cohen and Mao, 2014; Jensen and Finnerup, 2014). Somatosen-
sory disturbances include dermatomal patterns of mixed loss of
thermal sensitivity, paradoxical hypersensitivity and tactile
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Anatomical localisation of the testing points on the lateral aspects of the
neck. To expose the testing points, the dog’s pinnae were wound with VetFlex
(Kruuse). The region of interest was visually outlined between two parallel lines –

one defined by the spina scapula and the other parallel to the first line intercepting
the wing of the atlas. The region of interest was then visually divided into three
zones, with testing points I–III in the centre of these three zones (demarked I, II and
III within the circles). Stimulations with Semmes-Weinstein monofilaments (range
0.008–300 g) were used to quantify the mechanical sensory threshold on both sides
of the dog’s neck and is reported as a mean of the two measures.
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allodynia (Gamache and Ducker, 1990; Hida et al., 1995; Ducreux
et al., 2006; Hatem et al., 2010).

In humans, quantitative sensory testing is used in combination
with clinical examination and questionnaires to assess the
neuropathic pain phenotype by application of thermal, mechanical
and tactile stimuli (Cruccu et al., 2010; Haanpaa et al., 2011; von
Hehn et al., 2012). This validated psychophysiological measure of
perception assesses the function of peripheral myelinated and
unmyelinated sensory fibres and nociceptive pathways of the
central nervous system. The subject’s sensory threshold for heat
and cold is assessed by using a thermal probe; the threshold for
tactile stimuli is assessed using monofilaments; for pinprick
sensation weighted needles are used and sensitivity to vibration is
assessed by the application of a tuning fork or a vibrameter
(Greenspan, 2001; Cruccu et al., 2010; Thaisetthawatkul, 2014).

In dogs, a number of studies have investigated the use of
monofilaments and handheld electronic devices for mechanical
sensory threshold (MST) quantification. The response has been
evaluated in healthy dogs and in dogs with acute, nociceptive pain
and to assess the analgesic effect of systemic ketamine, opioids and
local analgesics (Duque et al., 2004; KuKanich et al., 2005a,b;
Fitzpatrick et al., 2010; Case et al., 2011; Hardie et al., 2011;
Kukanich and Papich, 2011; Pieper et al., 2011; Brydges et al., 2012;
Moore et al., 2013; Sanchis-Mora et al., 2017). However, the use of
MST quantification to evaluate somatosensory function and the
relationship between sensory threshold and behavioural indica-
tors of pain in dogs with anticipated central neuropathic pain has
not previously been reported. The primary aim of this study was
therefore to quantify the cervical MST with Semmes-Weinstein
monofilaments in CKCS with assumed mechanical threshold
alterations and central neuropathic pain associated with SM. We
hypothesise that the structural spinal cord parenchymal lesions
result in a significant difference in MST between CKCS with
syringomyelia-associated scratching and MRI-confirmed SM-
negative control dogs without clinical signs.

Materials and methods

A prospective case-control study was conducted at the University Hospital for
Companion Animals’ Referral Neurology Clinic, Department of Veterinary Clinical
Sciences, University of Copenhagen. Client-owned, pedigreed CKCS were enrolled in
the study between 19 December 2013 and 21 September 2015. The study was
approved by the Danish Animals Experiments Inspectorate (Approval date 12
January 2015; Approval number 2015-15-0201-00456) and the local Ethics and
Administration Committee (Approval date 28 January 2014; Approval number
2014-5).

Initially, the standardised questionnaire published by Rutherford et al. (2012)
was used to screen all dogs before enrollment in the study and to establish the
individual dog’s neuropathic pain score. Owners were interviewed by the principal
investigator about their dog’s general health status, medical history, clinical signs,
behaviour, and quality of life. Enrollment criteria for case dogs included uni- or
bilateral spontaneous scratching directed at the neck or shoulder. Enrollment
criteria for control dogs included age >5 years. The rationale behind the
conservative age-limit was to ensure that control dogs were truly SM-negative.
To ensure the inclusion of control dogs without altered nociception or chronic pain,
potential control dogs were excluded if they had a previous or present history of
neurological or musculoskeletal conditions, skin- or ear conditions causing
pruritus, had undergone surgery or received anti-epileptic medications. Gestating
or lactating bitches and potential control dogs treated with analgesics or anti-
inflammatory agents <6 weeks prior to enrollment were excluded.

All dogs were assessed by the principal investigator and underwent a clinical
and neurological examination including otoscopy and ear swab cytology, urinalysis,
haematological, biochemical and thyroid profile assessment. Dogs were excluded if
the clinical evaluation revealed dermatologic conditions causing pruritus,
neurological or musculoskeletal conditions causing pain or conditions contra-
indicating anaesthesia.

Mechanical sensory threshold quantification

The MST was quantified with Semmes-Weinstein monofilaments by the
principal investigator after clinical and neurological examination and before MRI. To
prevent discrepancies between owner-reported clinical signs, and clinical,
neurological, and MRI findings and MST test results due to potential disease
progression, the time between the interview with the owner and the clinical
examination including MST quantification and MRI was <14 days.

To reduce the variation between dogs, the principal investigator examined all
dogs under the same conditions in the same standard examination room where
there was background noise related to a normal teaching and referral hospital
environment. The dog was placed standing on an examination table. MST
quantification was video recorded using a smartphone (iPhone 6s, Apple). One
of three research assistants performed the video recordings sitting on a rolling stool
in front of the table to follow the dog’s movements without losing focus on the dog’s
face. Owners were placed behind the camera operator to maintain the dog’s
attention towards the camera. No sensory inputs beside the applied filament were
allowed, and after each time the dog’s position was corrected, there was a 10 s pause
before resuming the threshold quantification.

Three testing points were defined at the lateral aspects of the neck innervated
by the spinal cord segments C1–C6 (Fig.1). The initial stimulus side (left or right side
of the neck) was chosen at random by throwing a dice (simple randomisation).
Twenty Semmes-Weinstein monofilaments (Touch Test 20 Piece Full Kit, North
Coast Medical) ranging from 0.008 to 300 g could be applied in ascending order,
until one of five predefined behavioural responses was elicited (attentional shift
towards the stimulus, body twitch, headshake, evoked scratching and avoidance/
withdrawal response; Table 1).

Stimulation was initiated at testing point I cranial to the spina scapula (Fig. 1).
The filament tip was placed in contact with the skin and a light pressure was applied
until the filament flexed. Each stimulus lasted 3 s followed by a 10 s interval. If no
response was elicited by the applied monofilament at testing point I, the same
monofilament was applied to testing point II and – if no response – to testing point
III. If no response was elicited with the finest monofilament (i.e. 0.008 g) at any of
the testing points I–III, the procedure was repeated with the next finest
monofilament (i.e. 0.02 g). Increasing monofilament diameters were used until
one of the five predefined behavioural responses was elicited. After a 10 s pause, the
procedure was then repeated with the same monofilament to ensure that the
response was reproducible (i.e. that two consecutive stimuli of the same intensity
would elicit the same response). After threshold quantification on the initial
stimulus side, the test procedure was repeated at the contralateral side of the neck.

The video recorded MST quantification was assigned a random number using
random permutation before it was saved in a database. To ensure masked
evaluation, the videos were evaluated without sound by the principal investigator 4



Table 1
An ethogram was designed for objective and standardised evaluation of possible behavioural responses elicited by stimulations with Semmes-Weinstein monofilaments in
Cavalier King Charles spaniels with clinical signs of MRI-confirmed syringomyelia and in control dogs. If one of the five responses were elicited and reproduced, the filament
size (g) was recorded.

Behaviour Description of the dog’s response when stimulated with the Semmes-Weinstein monofilament
Attentional shift The head is turned towards the stimulus (>90� lateroflexion of the neck relative to straight forward)
Body twitch The cranial part of the body is moved in a twitch
Headshake Spontaneous headshake
Evoked scratch The stimulus elicits a scratch episode
Avoidance/withdrawal response A deliberate movement away from the stimulus

Table 2
Demographics of the 17 Cavalier King Charles spaniels included as case and control
dogs, with continuous variables reported as median (range [interquartile range]),
and categorical variables reported as n (%).

Cases (n = 9) Controls (n = 8)

Age (years) 3.34 (1.67–5.74 [0.92]) 7.23 (5.62–9.13 [1.83])
Sex

Female 6 (67%) 5 (63%)
Female spayed 1 (11%) 0 (0%)
Male 2 (22%) 3 (37%)
Male castrated 0 (0%) 0 (0%)

Bodyweight (kg) 9.4 (7.1–10.9 [1.8]) 8.5 (5.8–10.2 [3.13])
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months after study termination. The primary outcome ‘mechanical sensory
threshold’ was defined by the monofilament size in g that elicited a behavioural,
reproducible response (Table 1). The sensory threshold was quantified on both sides
of the neck and was reported as the mean of the two measures.

MRI protocol

Dogs were anaesthetised and placed in sternal recumbency. Case dogs
underwent MRI (0.2 Tesla Vet-scan, Esaote) of the neurocranium and the spinal
cord (C1–C6). The control dogs underwent MRI of the neurocranium from the
interthalamic adhesion and as far caudal as possible but at least to the C4/C5
intervertebral disc space. Both protocols included T1-weighted (T1W) transverse,
sagittal and dorsal sequences and T2-weighted (T2W) transverse and sagittal
sequences. For specific details on the MRI protocol, we refer to the supplementary
information (See Appendix: Supplementary MRI protocol). Scans were transferred
to the web-based DICOM (RemoteEye, NeoLogica) and evaluated by an assessor
masked to group allocation (UW). Syrinx evaluation and measurements were
performed using transverse T1W MR images. SM was defined as a fluid-filled cavity
in the cervical spinal cord parenchyma with a diameter � 2 mm. CM was defined as
cerebellar indentation with or without cerebellar herniation into or through the
foramen magnum. The presence of T2 hyperintensity within the tympanic bulla led
to the tentative diagnosis ‘otitis media with effusion’ (OME). The term OME will be
used in this paper for simplicity although the authors acknowledge that the term is
very specific and suggests a cellular diagnosis.

Statistical analysis

In a pilot study, dogs that had previously undergone clinical work-up for clinical
signs associated with SM or pre-breeding MRI screening were invited to participate
in MST quantification after clinical evaluation. In this pilot study, MST was
quantified in 26 MRI-confirmed cases with SM-associated scratching and nine MRI-
confirmed, SM-negative control dogs without clinical signs. Based on a normal
distribution approximation and the assumption that the difference in mean MST
between case and control dogs was 30% (standard deviation [SD] � 20) with α = 0.05
and β = 0.8, a minimum sample size of n = 9 in each group was calculated. To identify
nine true negative control dogs, it was estimated that the required sample size was
20 CKCS without clinical signs associated with SM, since approximately 50% of all
CKCS older than 5 years of age without clinical signs associated with SM are SM-
positive (Parker et al., 2011).

To ensure that all data met the assumptions of parametric tests, MST data were
log10 transformed before data analysis. In case of an outcome of ‘no response to
maximum stimulation with 300 g,’ the numeric value of the MST was right censored
and assigned ‘350’ in the data set. Data was analysed using SAS Studio 3.71 (SAS
Institute), with statistical significance set at P < 0.05. To test the hypothesis of no
difference in mean MST between case and control dogs, an unpaired, two-sided t-
test was applied. For dichotomous outcomes, Fisher’s exact test was applied.

Results

Nine CKCS older than 1 year of age with clinical signs associated
with MRI-confirmed SM were included as cases. Of 20 potential
control dogs without clinical signs associated with SM that
underwent clinical work-up, eight CKCS (40%) > 5 years of age were
included as MRI-confirmed negative control dogs. Twelve dogs
without clinical signs were excluded after MRI, because they were
SM positive. The descriptive characteristics of case and control
dogs are presented in Table 2. There was no significant difference in
sex distribution (P = 0.62) and mean bodyweight (P = 0.47) between
case and control dogs. The median age of case and control dogs was
3.34 years (interquartile range, IQR 0.92) and 7.23 years (IQR 1.83),
respectively. The significant difference in age between the two
groups (P < 0.0001) reflected the intentional age-specific selection.
The primary descriptive results of the owner interview are
presented in Supplementary Table 1. Clinical evaluation revealed
no dermatologic conditions causing pruritus, neurological or
musculoskeletal conditions causing pain or conditions contra-
indicating anaesthesia. Haematological, biochemical and thyroid
profiles, urinalysis and ear swabs were unremarkable. None of the
dogs had received analgesics within the previous 7 days before
clinical evaluation and threshold quantification. The mean
neuropathic pain score was 1.59 (range 1.0–2.29) in case dogs
and 0.0 in all control dogs.

CM was present in all case and control dogs. The cases had a mean
syrinx:spinal cord ratio of 0.53 � 0.14 (range 0.29–0.71). The cranial
limit of the syrinx was localised within the C3 segment in four of nine
case dogs (44%). Six case dogs presented with asymmetric syrinxes.
Spontaneous scratching was unilateral and directed to the same side
as the asymmetric syrinx in four of the six case dogs (67%). In the
three case dogs with symmetric syrinxes, the spontaneous scratch-
ing was unilateral (see Appendix: Supplementary Table 1). OME was
found in three of nine case dogs (56%) and in five of eight control dogs
(63%). The occurrence of OME (unilateral, bilateral or none) was not
significantly different between the two groups (P = 0.35).

Mechanical sensory threshold quantification

The median MST was 0.9 g (IQR 175.1) in case dogs and 0.24 g
(IQR 5.1) in control dogs (Table 3a). Mean MST was not significantly
different between case and control dogs when comparing log10
transformed data (P = 0.25). In case dogs, a reproducible behav-
ioural response (Table 1) was elicited by filaments sized between
0.04 and 26 g. In control dogs, filaments sized between 0.02 and
10 g elicited a reproducible behavioural response.

No significant differences were found between case and control
dogs when the results of initial mean threshold quantification
(P = 0.09) and contralateral mean threshold quantification (P = 0.99;
Table 3a) were compared. Mean threshold did not differ between
case dogs with symmetric and asymmetric syrinxes (P = 0.54;
Table 3b). When comparing initial vs. contralateral mean thresh-
olds, no differences were found within the control group (P = 0.75)
or within the case group (P = 0.06; Table 3c and d). A comparison of
mean thresholds for affected and non-affected sides in case dogs
with unilateral scratching also revealed no difference (P = 0.37).



Table 3
The mean of each dog’s paired measurements on both sides of the neck represents the primary outcome mechanical sensory threshold (MST; g) and is reported here as median
(range [interquartile range]) MST, in case and control dogs (a); within case dogs with symmetric and asymmetric syrinxes, respectively (b); and with the sub-group analysis
comparing initial versus contralateral MST within control dogs (c) and case dogs (d).

(a) Cases Controls P

Median MST 0.9 (0.06–175.7 [175.1]) 0.24 (0.02–175.2 [5.1]) 0.25
Initial MST 0.6 (0.04–350 [349.8]) 0.16 (0.02–10 [0.3]) 0.09
Contralateral MST 0.4 (0.04–15 [1.3]) 0.07 (0.02–350 [5.3]) 0.99

(b) Cases, symmetric syrinx Cases, asymmetric syrinx P
Median MST 20.5 (0.1–175.2 [175.1]) 0.6 (0.06–175.7 [175.1]) 0.54

(c) Controls, initial MST Controls, contralateral MST P
Median MST 0.16 (0.02–10 [0.3]) 0.07 (0.02–350 [5.3]) 0.75

(d) Cases, initial MST Cases, contralateral MST P
Median MST 0.6 (0.04–350 [349.8]) 0.4 (0.04–15 [1.3]) 0.06

Symmetric syrinx 26 (0.04–350 [350]) 0.4 (0.2–15 [18.8]) 0.55
Asymmetric syrinx 0.5 (0.07–350 [349.8]) 0.2 (0.04–1.4 [1.4]) 0.18
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Threshold responses were most frequently elicited at testing
point I in case dogs and at testing point II in control dogs (in 50%
and 63%, respectively, of all stimulations that led to a behavioural
response). The MST quantification test procedure was well
tolerated and completed in all dogs. The mean duration of the
procedure (8 min 40 s in case dogs and 4 min 39 s in control dogs)
was not significantly different between the groups (P = 0.054).

Discussion

This study investigated the hypothesis that spinal cord
parenchymal lesions in CKCS with syringomyelia-associated
clinical signs and MRI-confirmed SM would result in MST
measurements that were significantly different from those in
control dogs. Since tactile allodynia is one of the most commonly
observed evoked pains in human patients with SM (Hatem et al.,
2010), we expected to demonstrate lower thresholds as an
indication of increased sensation in the case dogs. Despite a very
strict and detailed study protocol and a very consistent testing
procedure, we were unable to demonstrate the expected difference
between case and control dogs. Subgroup analysis within the
control dogs showed no differences in MST between the side of the
neck used for initial stimulation and the contralateral side. This
finding is consistent with previous findings in MST quantification
studies in healthy dogs (Sanchis-Mora et al., 2017) and healthy
humans (Rolke et al., 2006). Within the case dog group, the overall
comparison of thresholds between the two sides of the neck
revealed no differences. Additionally, we expected lower thresh-
olds in case dogs with asymmetric syrinxes compared to those
with symmetric syrinx distribution. We also expected that the
thresholds in case dogs with unilateral scratching would be lower
on the affected vs. the contralateral side, as previously reported in
dogs with chronic pain (Brydges et al., 2012). However, subgroup
analysis revealed no difference in MST related to either syrinx
distribution or lateralisation of clinical signs.

Based on the results from our pilot study, we expected to detect
a difference in MST between case and control dogs. Localisation
and syrinx distribution, OME status and severity of clinical signs
and neuropathic pain score are among the factors that varied
between case dogs in the pilot study and those enrolled in the
prospective study. The analgesic treatment had been discontinued
by the owners in some of the pilot case dogs prior to MST
quantification, and for most dogs this led to increased intensity of
clinical signs and an assumed change in sensory threshold. These
factors may have influenced the results of the pilot study which led
to an inadequate sample size to detect a difference between groups
in the present study.
In agreement with previous findings (Thofner et al., 2015), the
prevalence of CM and OME was not different between dogs with
and without clinical signs. Nevertheless, the authors speculate that
CM and varying degrees of OME and coexisting deficiencies in
eustachian tube pressure-equalisation could cause scratching
directed at the ear, head and neck in some cases. Similarly, a
recent study of owner-reported clinical signs in CKCS with CM–SM
(Sparks et al., 2018) has suggested a possible lack of association
between SM and the clinical pain phenotype, since CKCS with CM
without SM can present with clinical signs previously reported to
be associated with CM–SM (Rusbridge et al., 2007; Schmidt et al.,
2013). The ideal control group would be CKCS without CM, SM and
OME. The ideal case definition would accordingly have been a SM-
positive CKCS with SM-associated clinical signs without CM and
without OME. Unfortunately, the relative high frequency of both
CM, SM and uni- or bilateral OME in CKCS expressing SM-
associated clinical signs and clinically silent CKCS makes this
almost impossible (Cerda-Gonzalez et al., 2009; Parker et al., 2011;
Plessas et al., 2012; Sanchis-Mora et al., 2016).

In the search for a feasible and reliable diagnostic tool to
identify dogs with altered MST and to evaluate treatment efficacy,
our study was designed to mimic a clinically realistic situation. This
may have increased the background noise relative to the signal. The
methodological variation due to fluctuations in room temperature
and individual (lack of) tolerance to distractions in and outside the
room could have been reduced by using a quiet room at a constant
temperature and by asking the owners to wait outside during
threshold quantification. Variation in hair coat, thickness of the
skin, dermal blood-flow and the distribution of cutaneous
nociceptors are factors that have been reported to affect the
sensory threshold quantification outcome in other species (Love
et al., 2011). Hair coat variation has been accounted for in previous
studies by hair clipping (Knazovicky et al., 2016; Sanchis-Mora
et al., 2017). We decided to omit this due to the risk of skin trauma
and local inflammation on the relatively large area of interest and
the reluctance of owners, especially those who owned breeding
and show dogs without clinical signs.

We chose three testing points on each side of the neck and
decided that a reproducible response at any one site was enough to
determine the MST of the given side of the neck. We also decided
that the individual dog’s MST should be reported as the mean of
MSTs quantified on each side of the neck. The anatomical variation
in lesion localisation among SM-positive CKCS (Loderstedt et al.,
2011) was not accounted for in the protocol. Furthermore, the
order in which the testing points were stimulated could have been
randomised. It is debatable whether a mean of the MSTs quantified
on each side of the neck is a representative measure of MST in
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individual dogs. In dogs that did not respond to maximum
stimulation with 300 g, an arbitrary numeric value of 350 g was
assigned (right censoring), which resulted in an arbitrary mean
MST. Based on our experience, a better solution would have been to
stimulate only one testing point on each side of the neck, or
alternatively, to test the affected side in dogs with unilateral
clinical signs. This approach would have increased the robustness
of the dataset.

In human patients with neuropathic pain, a non-affected body
area is chosen as a reference area to compare the quantitative
sensory test results of the affected body area. This can be done
because the patient is asked whether a specific body region is
painful or not. The definition of a reference area in dogs is
complicated due to the variability of the anatomical localisation of
lesions in SM-positive dogs with clinical signs, and the veter-
inarian’s lack of verbal communication with the dog. Moreover, a
previous study (Williams et al., 2016) reported that C2 and C4
anatomical localisations produced different MST thresholds in SM-
positive CKCS with and without clinical signs.

A major challenge was the evaluation of the dogs’ responses to
stimuli. The sensory threshold is a quantifiable measure, but the
endpoint is determined subjectively, which can vary between
observers and hence create bias. In a clinical setting, the risk of
missing or misinterpreting a response is important. In the present
study, the dogs’ behavioural responses to stimuli were video-
recorded and re-evaluated by the principal investigator masked
to the group allocation of the dog in order to reduce inter-
investigator bias.

MST quantification is one of several modalities used to assess and
quantify sensory deficits. Studies of the complete somatosensory
profile as described by Sanchis-Mora et al. (2017) should be
undertaken to assess whether CKCS with clinical signs associated
with CM–SM have altered sensory thresholds, which could indicate
central, neuropathic pain. A thorough clinical characterisation of a
larger cohort of case and control dogs would enable multivariate
analysis and classification of dogs into distinct sensory subgroups.
Since the completion of the present study, several other groups have
published protocol validation and application studies (Harris et al.,
2015; Freire et al., 2016; Gorney et al., 2016; Knazovicky et al., 2017;
Sanchis-Mora et al., 2017). It is anticipated that these continuous
research efforts will lead to optimisation of the testing protocol and
hopefully enable methodological standardisation. Moreover, this
should lead to further insights regarding how and where to quantify
sensory thresholds, how to define a relevant reference area, how to
interpret the responses to stimuli, and how to analyse and report the
results.

Conclusions

The present study was unable to demonstrate a significant
difference in MST between CKCS with SM and control dogs in spite
of a very detailed and consistent testing procedure. The use of
threshold quantification in a clinical setting is challenging due to
an insufficient signal relative to the biological background noise
within and between dogs. A thorough clinical characterisation and
multimodal assessment of the somatosensory profile in a larger
group of case and control dogs, and including not only mechanical
but also tactile and thermal threshold quantification, would enable
multivariate analysis to assess the effect of CM, OME, lesion-
localisation and lateralisation of clinical signs on the somatosen-
sory profile. It is still unknown whether CKCS with CM–SM
experience central, neuropathic pain, but according to the findings
in our cohort of dogs with MST quantified with Semmens-
Weinstein monofilaments by our specific protocol, it is considered
unlikely that CKCS with clinical signs associated with MRI-
confirmed CM–SM have increased mechanical sensation.
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